Introduction
The overall kinematic history of the Central Atlantic Ocean (CAO) is reasonably well documented and its history from Chron M0 onwards finely described (e.g. Müller and Roest, 1992 ). Here we consider the early seafloor spreading history across the Mid-Atlantic Ridge, between the Pico and Gloria fracture zones (FZ) in the north and the Fifteen-Twenty and Guinean FZ in the south (Figure 1 ). Although published kinematic models are able to reproduce some of the broad scale features of the tectonic history and the formation of the continental margins, a number of problems remain. In particular, they concern the initial fit and the timing of opening of the CAO, the early stages of seafloor spreading and the amount and timing of the independent motion of the Moroccan Meseta relative to the African plate.
More than four decades after the initial studies of the CAO kinematics, its early evolution is still debatable. Moreover, new studies on the Central Atlantic Magnetic Province (CAMP) magmatism (e.g. Nomade et al., 2007) raise questions on the volcanic nature of the Northeast American margin (NEAM) and its link with the East Coast Magnetic Anomaly (ECMA) and seaward dipping reflector sequences (SDRs) (Holbrook et al., 1994; Talwani et al., 1995) . In addition, precise age dating poses the problem of the relationship between volcanism and breakup (e.g. Courtillot and Renne, 2003) . The NEAM is characterized by a strong and continuous magnetic anomaly, the ECMA -considered as the continent ocean boundary -and a second magnetic anomaly, parallel and seaward to the ECMA, the Blake Spur Magnetic Anomaly (BSMA). Klitgord and Schouten (1986) proposed a fit which associates the ECMA and the BSMA, located on the Northwest African Margin (NWAM) at the time of the fit, and implies a spreading-center jump eastward to the BSMA. Their model has been successful because it explained the It integrates a gridded magnetic data-set with a recently compiled profile-based magnetic data-set off 84 northwest Africa. The magnetic data-set used here is more extensive than those of the previous studies 85 and provides better control for identifying the locations of magnetic lineations on opposite flanks, hence 86 allowing a revision of the Mesozoic spreading history. We then discuss our alternative scenario for the 87 early opening of the CAO, from Late Sinemurian (190 Ma) until Chron M0 (125 Ma, Barremian-Aptian 88 boundary). 89 90 2 Geophysical data 91 The main geophysical data-sets used in this study are from publicly available magnetic and 92 gravity sources. The gravity data are based on the satellite-derived free-air gravity anomaly grid (a one 93 arc-minute grid of uniform coverage) over the CAO (Sandwell and Smith, 1997, V 9 
.1). 94
The magnetic anomaly grid of Verhoef et al. (1996) covers the Arctic and North Atlantic oceans 95 and adjacent land areas. While this data-set has provided a basis to better understand the early stages of 96 the evolution of the CAO, a gridded dataset off northwest Africa (south of the Canary Islands) has been 97 lacking. We have therefore compiled the digital magnetic data available over this region. This new 98 compilation results mostly from a patchwork of regional surveys available from the National Geophysical 99
Data Center GEOphysical Data System (GEODAS), from Ifremer and from others sources (van der 100
Linden, 1981 and Roeser et al., 2002) . All data were referenced to the International Geomagnetic 101
Reference Field (IGRF10), spikes were removed manually, and finally the profiles were adjusted for 102 cross-over errors using the micro-leveling method of Mauring and Kihle (2006) . A more complete 103 description of the magnetic data processing is provided in Appendix A. 104
On the western flank of the mid-Atlantic Ridge, in the area to the north of the Bahamas and south 105 of 28°N, magnetic anomaly picks were identified on ship track magnetic profiles from the GEODAS 106 database. 107
All ages of magnetic anomalies referred to in this study are based on the time scale by Gradstein 108 et al. (2004) . 109
In addition, we also made used of geophysical data (multichannel seismics (MCS) and refraction) 110 CAO. Those located on the American side are particularly well known: the ECMA, a unique coastal 119 magnetic anomaly, located near the continental shelf edge along the entire margin, a second noteworthy 120 magnetic anomaly, the BSMA, and the M-series anomaly (M25 to M0). All have their counterparts on the 121 NWAM as described below. 122
Geological constraints 124
In addition to geophysical criteria, the interpretation of geological features is crucial in plate 125 kinematic reconstructions. In terms of kinematics, we face a three-plate problem: North America, 126 northwest Africa and Morocco. The Moroccan Meseta is a large crustal block separated from the African 127 craton during the formation of the Atlas Mountains by the reactivation of a major intracontinental rift 128 system, at present inverted and deformed by the convergence of the African and European plates 129 throughout Cenozoic times (Laville et al. 1977; Beauchamp et al., 1999 In summary, despite these differences, the ECMA and WACMA are two coastal magnetic 221 anomalies with a trend and a location along the margin that are strikingly similar, as previously 222 mentioned by Wissmann and Roeser (1982) : "it is difficult to reject these anomalies which lie at the right 223 place and have the right direction" . Grow and Markl (1977) , and Markl and Bryan (1983) , the rough-smooth basement 245 boundary can be related to seafloor spreading rate changes (Sundvik et al., 1984) . Slow spreading rates on 246 today's active spreading axes are associated with rough topography (Macdonald, 1986 profiles from the gridded dataset at different latitudes and close to existing tracks (Verhoef et al., 1996 286 and our gridded data off northwest Africa). Two-dimensional magnetic models were generated using 287 hypothesis. There is no evidence for a ridge jump in the IMQZ; instead, at Blake Spur time (c. 170 Ma), 410 our reconstruction shows a significant change in both the relative plate motion direction (from NNW-SSE 411 to NW-SE) and the spreading rate (increasing to ~1.7 cm/y) which is related to a significant change in 412 basement topography. At Chron M25 (~154 Ma), the spreading rate increased to 2.8 cm/yr. At Chron 413 M22 (~150 Ma), the spreading rate slowed down to 1.3 cm/yr, and remained fairly constant until Chron 414
M0 (~125 Ma). 415
It is worthwhile noting that the high spreading rate depicted between M25-M22 would reduce when 416 using a different scale. Gee and Kent (2007) 
Asymmetry 424
In the hypothesis of a ridge jump (Vogt, 1973 ) that served as the basis for many kinematics models, 425 CAO margins and adjacent oceanic basins are considered to be formed at different times. In contrast, our 426 model shows that margins and breakup in the CAO are directly comparable. However, manifestations of 427 rifting, location of breakup, and initial evolution remain asymmetric (Figures 9 and 10) . To explain this, 428
we need to examine the initial structures and rifting processes prior to breakup. and their breakup location was most likely favored by a thermal anomaly that was located preferentially 437 under the African plate. A large asymmetry is found in the volcanic activity to either side of the rift zone 438 (Figure 9 ). There is a lateral offset between crustal and mantle weakness zones: the crustal ones are on the 439
Paleozoic orogen whereas mantle ones appear to be located under the Africa plate, according to 440 volcanism repartition. 441
In addition, we observed that the overall shape of the ECMA and WACMA on the one hand, and 442 the BSMA on the other are quite different, the latter representing one single bend with no major offsets. 443
This change in shape of the ridge axis implies local asymmetries, either by asymmetric spreading or local 444 ridge jumps (Wernicke and Tilke, 1989; Bird et al., 2007) . However, we concur that the asymmetry is 445 more fundamental and widespread, i.e. that it continues after the initial spreading history. Figure 10  446 shows the M0 reconstruction, but now placed in the framework of the M0-BSMA stage pole. In this 447 representation, Mesozoic oceanic fracture zones are trending approximately east-west. The projection 448 allows for a direct observation of spreading asymmetry between the two flanks of the mid-Atlantic Ridge. 449
The initial opening phase is very asymmetric, with on average 56% of the accretion taking place on the 450 North American plate. Between the BSMA and M22, the accretion remains asymmetric, with excess 451 accretion on the American plate reduced to 54%. Finally, between M22 and M0, spreading asymmetry 452 still occurs south of the Kelvin Seamounts -Canary Islands, with 48% of accretion on the African plate. 453
However, the amount of asymmetry is variable from segment to segment. 454
This prolonged spreading asymmetry is consistent along the entire ridge south of the Kelvin Seamounts-455
Canary Islands lineament, which seems to favor the interpretation relating it to the thermal structure of the 456 mantle rather than that relating it to ridge jump. It has long been recognized that the mantle under the 457
African continent was anomalously hot at the time of breakup. The opening of the CAO was preceded by 458 widespread volcanic activity, producing the CAMP, a large igneous province (LIP) (Figure 9 ). LIPs are 459 mostly basaltic and characterize catastrophically rapid partial melting of the mantle at shallow depths. 460 CAMP erupted at ~200 Ma into an active Triassic rift system and propagated as far as Canada and Brazil 461 (Marzoli et al., 1999) . 462 463
Initial opening direction 464
Although the overall direction of plate motions predicted by our model since the BSMA does not 465 deviate significantly from previous works, the initial opening direction is very different. We do not have 466 independent evidence for this seafloor spreading direction because no reliable structural lineations are 467 observed in the oldest ocean floor. However, we consider that both the initial fit and the BSMA 468 shaded area in the centre of CAO corresponds to the asymmetric spreading rate domain. 794 Table 1 : Relative reconstruction parameters (finite poles) with respect to a fixed North American Plate. 796 stitching methods. This method defines a line at which to join the two grids. The line, of necessity, lies 861 completely within the overlapping area of the two grids. The "cut-off" sections of the grid do not 862 contribute to the final grid. Along the suture line the mismatch in the grid values must be corrected by 863 adjusting the grids on either side of the path. The first grid acts as the "master grid". Its projection and cell 864 size determine the projection and cell size used in the output grid, unless a different cell size is specified. 865
Figure Captions
The second grid does not need to share the same projection or cell size as the first grid. Point values are 866 automatically interpolated and transformed to the output grid with projection type inherited from the first 867 grid, and using a specified or default cell size. 
